Before examining remyelination in the brains of rats and mice in vivo, we evaluated the criteria for immature cells in both species that belong to the oligodendrocyte lineage. In the forebrains and cerebella of neonatal rats, ganglioside GD3 has been used as an early immunocytochemical marker for such cells. Using tissue sections from brains of perinatal rats and neonatal mice, we performed double immunofluorescence staining of GD3 with markers for brain macrophages and microglia (both termed ''microglia" below) and for the early oligodendrocyte marker 04, respectively. In the rat brains, intense GD3 immunofluorescence was observed in cells also bearing the microglial marker ED1, but not in 04bearing immature oligodendrocytes. In the rat corpus callosum there also were faintly GD3-positive longitudinal processes that did not co-stain with ED1 or BSI-B4. Some additional GD3-positive structures were observed, mostly in gray matter. In the brains of neonatal and 3-day-old mice, the most intensely GD3-positive structures were elongated longitudinal and radial processes, and the BSI-M-positive microglia were GD3-negative. In both rat and mouse brains there were at least two additional types of GD3-positive SNCtures, which were ovoid or had a diaphanous appearance, respectively. The present results suggest that there are GD3positive microglia in immature rat brains and, in both rat and mouse brains, GD3-positive structures that have not yet been identified precisely but which may be radial glia or microglial processes. Accordingly, it is inappropriate to use GD3 as a specifically oligodendrocytic marker in vivo. ( J Histochem Cytochem 44143-147, 1976) 
Introduction
GD3 is a ganglioside that is found in vivo in immature neuroectodermal stem cells (11, 27) , in some putative astrocytes in several strains of mutant mice (19) , and in putative preoligodendrocytes in rat brains during the first postnatal weeks (18, 27) . In tissue cultures of differentiating glial cells, anti-GD3 co-localizes with 04, which is an IgM directed against galactocerebroside sulfate and seminolipid (3, 28) . In those cultures the 04+IGD3+ cells are regarded as oligodendroblasts and Type 2 astrocytes comprise some of the 04-/GD3+ cells.
Recently there has been some concern about the validity of GD3 as a marker for oligodendrocyte precursors in vivo. Although the presence of GD3'104' cells in tissue culture has been welldemonstrated (e.g., 22, 30) , the issue of GD3+/04+ cells in slices of fresh tissue is less clear-cut. Recently there have been sugges-tions that the GD3-positive cells in the neonatal or injured rat brain may be microglia (1, 9, 26, 31, 32) . Because GD3 is frequently used as a marker for immature oligodendrocytes, e.g., in studies of oligodendroblast migration in vivo (6.18). the specificity of GD3 required reevaluation.
Binding of the monoclonal antibody (MAb) ED1 is specific for round and ameboid microglia (or macrophages) in the early postnatal rat brain (7J7.20). ED1 also immunostains ramified microglia, but less intensely (20) . For the most part, the B4 isolectin Bandeiria simphccrfonia B4 (BSI-M) also binds to round, ameboid, and ramified microglia ( 1 3~6~9 ) .
Previously there were technical difficulties in obtaining effective antibodies against microglia and in strongly double-immunostaining lipids, such as GD3. with other antigens in tissue sections. For the most part, detergent or alcohol pretreatment of the sections, which was essential for immunostaining most other antigens, caused loss or disorganization of the lipid antigens (our unpublished data). Recently, however, it became possible to co-localize lipid and protein antigens in tissue (see Materials and Methods) and, moreover, we obtained a reliable supply of MAb ED1. These circumstances have made it possible to reevaluate the cellular localitation(s) of GD3 in the forebrains of immature rodents.
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Materials and Methods
Animals. Wistar rats were bred in our own colony. B6AF1 mice were purchased from Jackson Laboratories (Bar Harbor, ME) and subsequently were bred in our mouse room. Embryonic rats were obtained surgically from timed-pregnant Wistar females from Charles River (Wilmington, MA) after anesthesia and death. At postnatal Days 1-6 rats or mice also Were anesthetized with sodium pentobarbital and, after apparent loss of consciousness, were perfuxd through the heart with fitive containing 4% (wlv) paraformaldehyde, 1.4% (wlv) lysine, and 0.2% (wlv) NaI04. These procedures were approved by the Animal Institute of Albert Einstein College of Medicine. This Animal Institute is an AAALAC-accredited facility.
Soumes of Antibodies and Other Reagents. Clones M18 (R24) and 0 4 were purchased from the American Type Culture Collection (ATCC) (Rockville, MD) and were grown and maintained in the departments of Neurology and Neuroscience at Albert Einstein College of Medicine. Anti-GD3, an IgG3. consists of supernatants from clone R24, and MAb 04, an IgM, consists of supernatants from clone 04. ED1 is a mouse IgGl purchased from Harlan Bioproducts for Science (Indianapolis, IN). Fluorescein isothiocyanate (FIE)-labeled Bandeirzu simplicifoniu isolectin BSI-B4 was purchased from Sigma (St Louis, MO). Normal goat serum was purchased from Vector Laboratories (Burlingame, CA). Fluorescence-labeled goat antimouse IgGl, IgG3, and IgM were purchased from Southern Biotechnology Associates (Birmingham, AL), as follows: rhodamine antimouse IgG3, FIE-labeled antimouse IgGl, FIE-labeled antimouse IgM, and FIElabeled antimouse IgG3. Buffers, salts, and other reagents were purchased from Sigma.
Preparation of Vibratome Sections. Brains were dissected from the perfused rodents and blocks of tissue were obtained from the forebrains at the level of the optic chiasm. The tissue was postfixed overnight at 4°C in fresh fixative identical to that used for the perfusion. Sections 30-50 pm thick were prepared using a Pella Vibratome, Series 1000, and were floated in wells containing PBS.
ImmunocytochemicaI Procedures and Photography. Before the primary antibody step, sections were incubated successively with 0.1% (w/v) sodium borohydride and 20% (vlv) normal goat serum (identical results could be obtained using 5% normal goat serum; our unpublished data). Both primary antibodies were applied in PBS overnight at 4°C. The sections were then treated with 4% (wlv) paraformaldehyde, followed by ice-cold methanol, to fix the primary antibodies against lipids and to permeabilize the tissue. Then the primary antibodies against nonlipid antigens, if any, were added for 22 hr at room temperature. The sections were incubated with appropriate fluorescent second antibodies that were species-and isotypespecific, washed, and mounted in 50% glycerol containing n-propyl gallate as an antifading agent. Control sections, using normal rabbit serum or normal mouse sera as one of the primary antibodies, were prepared routinely. The controls are not shown below because Figure 3 documents the specificity of rhodamine and F I X staining and the photography.
A Nikon Optiphot 7~a s used to examine and photograph the sections. When filters were used to visualize two antigens in the same field (i.e., in most of the photographs), the focus was not subjected to significant changes between the exposures. Occasionally, however, the focus was changed minutely to sharpen the image.
Results
In and near the corpus callosum of the 3-day-old rat there were round and ameboid GD3-positive cells (Figure la ). Those cells also bound BSI-B4 ( Figure Ib) . BSI-WlGD3+ cells often were associated with blood vessels, which also were BSI-B4-positive (Figures IC and Id) and, on occasion, were "decorated" with some GD3-positive vesicles (e.g.? Figure IC) . A GD3'lBSI-BC cell above the cingulum is shown in Figures le and If. Some GD3+/BSI-B4-processes were observed in the same field (arrow in Figure le ).
Less specific isoforms of BS-I can bind to parts of some immature macroglial cells, a phenomenon that has been attributed to similarities among glycoproteins, particularly those containing IgGlike sequences (4). ED1 is well known as a more specific marker for macrophages and some microglia in rat brain during the early postnatal weeks (28) . In the corpus callosum of 3-day-old rats (Figure 2) , large, round GD3-positive cells (Figure 2a ) also bound ED1 (Figure 2b) . At 6 days of age there were still many GD3'1ED1' cells in the corpus callosum (Figures 2c and 2d ). Some very fine GD3'1 ED1processes were apparent also in the corpus callosum (e.g., arrowheads in Figure 2c ). GD3'lBSI-BC cells were also observed in brains of embryonic rats (e.g. , Figures 2e and 2f) .
Binding of MAb 0 4 is a characteristic specific to oligodendroblasts and to immature and mature oligodendrocytes (3). In brains from rats less than 1 week of age, 0 4 and anti-GD3 immunostained different cells (Figures 3a and 3b) . Moreover, there appeared to be no GD3+/04+ cells in forebrains of early postnatal mice (arrows in Figures 3c and 3d ). However, occasionally we observed GD3 immunofluorescence on the surface of faintly 04-positive cells in brains of embryonic rats (e.g., arrows in Figures 3e and 3f ). The structures that immunostained for GD3 in brains of young mice during the first postnatal week ddfered in appearance from those in the brains of rats at the same ages (compare Figure 4 to Figure 1 ). In the mouse forebrain, GD3-positive immunofluorescence was observed in long processes near the subventricular zone ( Figure 4b ) and in the subpial regions and cortex (Figure 4a ), but not in round or ameboid cells such as those observed in rat. Ovoid cells also showed GD3-positive surface staining (e.g., arrowhead in Figure 4b ). GD3 immunofluorescence was not found in microglia, nor microglial markers in GD3-positive cells in mouse brain ( Figures  4e and 4f) .
Other outstanding GD3-positive forms in mouse brain, particularly in the cingulum, during the first postnatal week were diaphanous in appearance (Figures 4a and 4c ). On closer inspection of the rat brains, a few somewhat similar GD3-positive cells could be found in the same region (Figure 4d ).
Discussion
Rat Brain: Co-localization of GD3 with Microglial Markers
In forebrains of late embryonic and early postnatal rats, we observed GD3 immunoreactivity predominantly in the same round and ameboid cells as the macrophagelmicroglial markers BSI-B4 and ED1. In this regard, our results are in significant agreement with those of Wolswijk (31) regarding the cerebella of neonatal rats. The respective data are also consistent in that strongly GD3-positive cells were 04-negative but that in embryonic rat brains there were a few ovoid cells with GD3 surface staining that were faintly 04+lGD3' (Figure 3) . The iron-positive/GD3+ cells observed by previous authors (18) may be the microglia that are known to contain iron (15). We conclude that the round and ameboid intensely GD3-positive cells in neonatal rat brains are macrophages and microglia. field as a, FITC-BSI-B4; (c) Cortex, anti-GD3.   rhodamine; (d) same field as c, FITC-BSI-84; (e) cingulum, GD3. rhodamine; (1) same   field as e, FITC-BSI-B4 . Arrow in e points to a thin GD3-positive cell process. Bar = 25 um. appearing and longitudinal processes (Figures 3 and 4) . To a lesser extent, similar-appearing processes were found in the rat brains (Figure 2c ). (b) In mouse brains there were intensely GD3-positive
GD3-positive cells in Mouse Brains During the First Postnatal Wee4 and in Prenatal Rat Brains
-By examining the mouse as a second species and following that up with the prenatal rat, we found additional GD3-positive structures in gray matter, primarily, of immature rodent brains, as follows. (a) Most obvious in the mouse brains were GD3-positive radial-diaphanous forms. Fainter diaphanous forms were observed in brains from postnatal rats (Figure 4) . (c) Also noted by Wolswijk (31) , but apparently more obvious in forebrains than in cerebella, were ovoid cells with GD3 surface staining (Figures 3 and 4) . Previous authors have used paraformaldehyde (27) or glutaraldehyde (19) for the initial fixation of rat brains. The inclusion of lysine in our paraformaldehyde solution may have helped to preserve the GD3 in long processes and in the diaphanous GD3+104forms. Moreover, without our postfixation protocol much of the GD3 staining in vivo consisted of poorly resolved, often scattered vesicles.
Possible Identities of the Diaphanous Forms, Ovoid Cells, and Elongated Processes
The faintly GD3-positive processes, ovoid cells, or diaphanous forms in the immature rat brains may correspond to the respective structures that were more plentiful and intensely stained in the mouse brains. The following are three alternative hypotheses for the iden- tities of those GD3-positive structures: (a) microglia; (b) radial glia and astrocytes; or (c) an oligodendrocyte precursor or a common precursor of oligodendrocytes and astrocytes. Those hypotheses are discussed below.
First, the GD3-positive cells described above may belong to the macrophagelmicroglial lineage. There are known to be longitudinal microglial processes in fiber tracts of early postnatal mice and long radial processes of microglia in gray matter as early as postnatal Day 5 (24) . BSI-B4 binding sites on those structures and/or on the diaphanous forms may be present at levels too low to detect. Species differences in the structures of microglia have been noted previously (reviewed in 23).
A second possibility is that the GD3-positive processes correspond to radial glia, as described in mice (e.g.. 8.21) . and the ovoid, surface-stained cells to monopolar and bipolar transitional forms that have been observed during astroglial development in the mouse (21). It should be noted that GD3'/GFAP+ astrocytes were observed in the cerebella of adult mutant mice (19) . and GD3positive radial glia have been observed even in the rat CNS, in the spinal cord and, to a lesser extent. in brains of neonates (14.30). These findings are consistent with the possibility that GD3 may be a component of radial glia, particularly in the mouse CNS. The diaphanous GD3-positive forms may correspond to putatively astrocytic multipolar forms (21) . which may be the same as "protoplasmic astrocytes" (25) .
Third, some of the GD3-positive structures, including those mentioned above, may give rise to cells of the oligodendrocytic lineage. This would be consistent with the observation that some faintly ---I GD3'104' ovoid cells in the brains of both rats and mice ( Figure  3) (31) . Some GFAP+/04+ glial cells have been observed in spinal cords of adult mice, and cells of that phenotype increased in number after viral infection (10) . After the viral infection there was also an increase in the density of 04'1GFAP radial fibers. When demyelinated tissue from the infected mice was placed in culture and the cultures permitted to grow, many of the resulting cells had a mixed astroglial/oligodendroglial phenotype (2) . Likewise, some of the GD3'1GFAF cells observed in the present study may differentiate into 04-positive immature oligodendrocytes.
A recent study applied a different approach to the question of where the oligodendrocyte progenitors are in vivo (12). Using novel reasoning and improved tissue culture methods, the authors showed that in neonatal rat cerebellum oligodendrocytes must be present in significant numbers throughout the folia and not confined to the germinal zone, where the GD3-positive cells had been primarily located. More effort must be applied to the task of finding earlier progenitors of oligodendrocytes in both rat and mouse brains in vivo and to determining the lineage of the other GD3-positive structures that we observed in the present study. We have not ruled out the possibility that the ovoid cells or diaphanous GD3-positive forms may be preoligodendrocytes, and we suspect that the long radial GD3-positive processes belong to radial glia (e.g., 5.14) or to microglia.
